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Background:Duplex ultrasound velocity criteria have been used to evaluate the severity of carotid stenosis, however, these
standard velocities may not be applicable to carotid restenosis after carotid endarterectomy (CEA) with patch angioplasty.
The purpose of this study is to determine if patch angioplasty closure alters velocities just distal to CEA and to define the
optimal velocities for detecting >30%, >50%, and >70% restenosis.
Methods: This study includes 200 CEAs randomized into 100 with polytetrafluoroethylene (PTFE) ACUSEAL patch and
100 with Hemashield Finesse patch. All patients underwent immediate postoperative duplex ultrasounds, which were
repeated at 1 month and every 6 months thereafter. Patients with a peak systolic velocity (PSV) of the internal carotid
artery ([ICA], just distal to the patch) of >130 c/s underwent computed tomography angiogram (CTA). PSVs, end
diastolic velocities (EDV), and internal carotid artery/common carotid artery (ICA/CCA) ratios were correlated to
completion arteriograms/CTAs. Receiver operator characteristic curves analyses were used to determine optimal velocity
criteria in detecting >30%, >50%, and >70% restenosis.
Results: One hundred ninety-five pairs of imagings (duplex ultrasound vs CTA/angiogram) were available for analysis.
When standard velocity criteria for nonoperated arteries were applied, 37% and 10% of patients were believed to have
>50% to<70% and>70% to 99% restenosis vs 11.3% and 11.3% onCTA/angiography, respectively (P< .001). Themean
PSV for >30%, >50%, and >70% restenosis were 172, 249, and 389 c/s, respectively (P < .001). An ICA PSV of
>155c/s was optimal for>30% restenosis with sensitivity, specificity, positive predictive value (PPV), negative predictive
value (NPV), and overall accuracy (OA) of 98%, 98%, 98%, 98%, and 98%, respectively. A PSV of >213 c/s was optimal
for>50% restenosis with sensitivity, specificity, PPV, NPV, and OA of 99%, 100%, 100%, 98%, and 99%, respectively. An
ICA PSV of 274 c/s was optimal for>70% restenosis with sensitivity, specificity, PPV, NPV, and OA of 99%, 91%, 99%,
91%, and 98%, respectively. ROC analysis showed that the PSVs were significantly better than EDVs and ICA/CCA ratios
in detecting >30% and >50% restenosis.
Conclusions: The mean PSVs of a normal ICA distal to CEA patching were higher than normal nonoperated ICAs,
therefore, standard duplex velocities criteria should be revised after CEA with patch closure. ( J Vasc Surg 2009;50:
286-91.)Carotid duplex ultrasound has become the method of
choice for the initial noninvasive evaluation of extracranial
carotid artery disease. The degree of carotid stenosis is
largely based on analysis of the peak systolic velocity (PSV),
the end diastolic velocity (EDV), and/or the internal ca-
rotid artery/common carotid artery (ICA/CCA) PSV ra-
tio.1-5 Many laboratories, including our own, have pro-
posed several duplex velocity criteria for threshold stenoses
to be compatible with the threshold stenoses utilized in the
carotid trials investigating symptomatic and asymptomatic
carotid artery stenosis, North American Symptomatic Ca-
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286rotid Endarterectomy Trial (NASCET)6 and Asymptom-
atic Carotid Atherosclerosis Study (ACAS).1-7
Since these carotid duplex velocities have been tested
on native (nonoperated) carotid arteries, these standard
velocities may not be applicable to carotid restenosis after
carotid endarterectomy (CEA) with patch angioplasty. El-
evated velocities have been noted in the internal carotid
artery distal to patching because of the relative narrowing of
the normal internal carotid artery distal to the patch.8
Therefore, the purpose of this study was to determine if
patch angioplasty closure alters velocities just distal to the
CEA and to define optimal velocities for detecting 30%,
50%, and70% restenosis. To our knowledge, this is the
first study to analyze duplex velocity criteria of the internal
carotid artery just distal to carotid patching.
PATIENTS AND METHODS
This study includes 200 CEAs (done between August
20, 2003 and November 2, 2005) that were randomized
into 100 with polytetrafluoroethylene ACUSEAL (W. L.
Gore, Flagstaff, Ariz) patches and 100 with Hemashield
Finesse patches. This study was approved by the Institu-
tional Review Board at our institution. The results of the
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previously.9 Both patches were 8 mm wide, manufacturer-
designed, and with a similar tapering at the end towards the
ICA, ie, there was not any discrepancy in the size of both
patches, and the length of both patches were comparable.
The indications for CEA included: symptomatic 50%
carotid artery stenosis and asymptomatic70% carotid artery
stenosis. All patients underwent preoperative duplex ultra-
sound using HDI 5000 Phillips systems (Phillips, Bellevue,
Wash) in our Intersocietal Commission of Accreditation of
Vascular Laboratories (ICAVL)-accredited vascular labora-
tory with or without magnetic resonance angiography/com-
puted tomography angiography prior to CEA. All patients
also underwent immediate postoperative duplex ultrasounds,
which were repeated at 1 month, 6 months, and every 6
months thereafter.
The demographic and risk factors of all patients were
tabulated, including smoking, hypertension, diabetes mel-
litus, hypercholesterolemia, and the presence of coronary
artery disease.
All Doppler spectra were obtained using a Doppler
sample volume of 1 to 1.5 mm and a Doppler angle of 60
degrees or less. The examination also included gray-scale
B-mode and color imaging of the common carotid artery,
carotid bifurcation, external carotid artery, proximal, mid-
dle, and distal portions of the ICA. The PSV and EDV of
the internal and common carotid arteries, and the ICA/
CCA PSV ratios were recorded. The highest PSVs and
EDVs in the ICA just distal to the patch were used for
analysis and comparison to other imaging modalities. Prox-
imal common carotid endpoint restenoses and intra-patch
restenoses were excluded from the analysis.
Patients with PSVs of the ICA (just distal to the patch)
of 130 cm/s underwent carotid computed tomography
angiography and/or conventional carotid arteriograms to
verify the presence of restenosis. This number was selected
from a previous study of a systemic review and meta-
analysis of the sensitivity and specificity of color duplex
ultrasoundmeasurements and the estimation of ICA steno-
sis.10 The threshold of PSV of130 cm/s in that study was
associated with a sensitivity of 98% and a specificity of 88%
in the identification of angiographic stenosis of 50%.10
Angiographic measurement of stenosis was calculated
according to the North American Symptomatic Carotid
Endarterectomy Trial,6 basically by comparing the narrow-
est segment of the carotid artery with the diameter of the
distal normal ICA, where the wall becomes parallel.
An independent observer, who was blinded to the
duplex ultrasound findings, was used for the interpretation
of the computed tomographic (CT) angiography/carotid
arteriography. It should be noted that we previously corre-
lated conventional carotid arteriography and CTA findings
in several patients with very good accuracy (Kappa 
0.81).11
This study analyzes patients with concurrent duplex
ultrasounds that were done within 24 hours of post com-
pletion carotid arteriograms, regardless of the PSV values,
ie, patients with PSVs at completion of the procedure of130 cm/s were included, and patients who had carotid
duplex ultrasound and CT angiography and/or carotid
arteriography at late follow-up, which were done within 30
days.
Our standard carotid duplex criteria for native ca-
rotid arteries, which we published previously,5 were: a
PSV of the ICA of120 cm/s was normal, a PSV of120
to140 cm/s was consistent with 30% to50% stenosis, a
PSV140 cm/s was consistent with50% stenosis, a PSV
150 cm/s with an EDV of65 cm/s was consistent with
60% stenosis, and a PSV150 cm/s and an EDV of90
cm/s was consistent with 70% to 99% stenosis. The
ultrasound consensus criteria for carotid stenosis were as
follows: a PSV of the ICA of125 cm/s was normal, a PSV
of the ICA of 125 cm/s with 50% diameter reduction
plaque were consistent with50% stenosis, a PSV of125
to 230 cm/s was consistent with 50% to 70% stenosis,
and a PSV of230 cm/s with an EDV of100 cm/s was
consistent with 70% to 99% stenosis.12
Statistical analysis. The velocity data were expressed
as a mean plus or minus standard deviation. Analysis of
variance (ANOVA) test was used to compare the means of
PSV, EDV, and velocity ratio to the stenosis. Comparison
of the duplex ultrasound velocity data with the CTA/
angiography was done using the Fisher exact method,
Kappa, and weighted Kappa statistic. Receiver operator
characteristic curves (ROC) were used to compare angio-
graphic data with velocity measurements to determine the
optimum velocity criteria for detecting 30%, 50%, and
70% to 99% restenosis. Sensitivity, specificity, positive
predictive value (PPV), negative predictive value (NPV),
and overall accuracy (OA) were determined for specific PSV
and EDV values and the ICA/CCA PSV ratios.
RESULTS
This study includes 195 CEA patients, who had duplex
ultrasound and CTA/angiography that were available for
analysis. The mean follow-up was 25 months (range of
0-49 months). The demographic/clinical characteristics of
these patients have been published previously.9 When our
standard velocity criteria (for nonoperated arteries – PSV of
140 c/s was optimal in detecting 50% stenosis)5 were
applied, 37% and 10% of patients were classified to have
50% to 70% and 70% to 99% restenosis vs 11.3%
and 11.3% on CTA/angiography, respectively (P  .001,
Kappa 0.4829, weighted Kappa 0.6334).
Similarly, when the ultrasound consensus criteria were
applied,12 38.7% were classified to have 50% to 70%
restenosis, and 9.8% had 70% to 99% restenosis (P 
.001, Kappa  0.4847, and weighted Kappa  0.6238
[Table I]).
It should also be noted that only 43% of those with
50% restenosis based on standard or consensus ultra-
sound criteria had 50% restenosis based on CTA/angio-
gram (P .001, Kappa 0.413 and 0.4198, respectively).
The mean PSV for patients with30% to50%,50%
to 70%, and 70% to 99% restenoses, based on CTA/
angiography, were 172, 249, and 389 cm/s, respectively
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EDVs and the ICA/CCA ratios for various degrees of
restenoses.
Peak systolic velocities (PSV). As noted in Table III,
online only, an ICA PSV of 155 cm/s was optimal for
detecting 30% restenosis with a sensitivity, specificity,
PPV, NPV, and an OA of 98%, 98%, 98%, 98%, and 98%,
respectively. An ICA PSV of 213 cm/s was optimal for
detecting50% restenosis with sensitivity, specificity, PPV,
NPV, and OA of 99%, 100%, 100%, 98%, and 99%, respec-
tively. An ICA PSV of 274 cm/s was optimal for detecting
70% restenosis with sensitivity, specificity, PPV, NPV,
and OA of 99%, 91%, 99%, 91%, and 98%, respectively.
End diastolic velocities (EDV). Table IV, online
only, summarizes the sensitivity, specificity, PPV,NPV, and
OA for various end diastolic values. As noted in this table,
an EDV value of 41, 60, and 80 cm/s were the optimal
values for detecting 30%, 50%, and 70% restenoses.
PSV of the ICA/CCA ratio. Table V, online only,
Table I. Correlation of CTA/angiography restenosis vs st
R
30%
N % N
CTA/angio restenosis
0-30% 84 100.0% 9
30%-50% 0 0.0% 0
50%-70% 0 0.0% 0
70%-99% 0 0.0% 0
Kappa  0.4829
Weighted Kappa  0.6334
30%
N % N
CTA/angio restenosis
0-30% 83 100.0% 8
30%-50% 0 0.0% 1
50%-70% 0 0.0% 0
70%-99% 0 0.0% 0
Kappa  0.4847
Weighted Kappa  0.6238
CTA, Computed tomography angiogram.
Table II. Mean velocities and ratio and degree of resteno
30 (n  112) 30-50 (n  39)
Mean Std dev Range Mean Std dev Range
PSV 107.13 30.75 44-162 172 14.35 150-213
EDV 29.46 11.37 10-57 44 10.71 22-62
Velocity
Ratio 1.28 0.52 0.49-3.1 1.93 0.77 0.62-4.3
PSV, Peak systolic velocity; EDV, end diastolic velocity.summarizes the velocity ratio values for detecting 30%,50%, and70% restenosis. As noted, a ratio of 1.64, 2.25,
and 3.35were optimal for detecting30%,50%, and70%
restenosis, respectively.
Table VI summarizes the optimal values of PSVs,
EDVs, and ICA/CCA PSV ratios in detecting 30%,
50%, and 70% restenoses.
ROC curve analysis for sensitivity and specificity. A
ROC analysis showed that PSVs were significantly better
than EDVs and ICA/CCA ratios in detecting 30% reste-
nosis, as noted in Fig 1 (P  .0001). The area under the
curve for PSVs was 1, vs 0.90 for EDVs, and 0.84 for
velocity ratios. Similarly, Fig 2 shows that PSVs were statis-
tically significantly better than EDVs or velocity ratios in
detecting 50% restenosis (P value  .005 and P .0001,
respectively). The area under the curve for PSVs was 1, vs
0.95 for EDVs, and 0.84 for velocity ratios. Fig 3 shows the
70% restenosis ROC curves, where the area under the
curve for PSVs was 0.99, 0.97 for EDVs, and 0.89 for
rd and ultrasound consensus criteria
sis by standard duplex velocity criteria
0%-50% 50%-70% 70%-99%
% N % N %
100.0% 19 24.4% 0 0.0%
0.0% 39 50.0% 0 0.0%
0.0% 20 25.6% 2 8.3%
0.0% 0 0.0% 22 91.7%
nosis by ultrasound consensus criteria
50% 50%-70% 70%-99%
% N % N %
88.9% 21 25.9% 0 0.0%
11.1% 38 46.9% 0 0.0%
0.0% 21 25.9% 1 4.5%
0.0% 1 1.2% 21 95.5%
50-70 (n  22) 70-99 (n  22)
ean Std dev Range Mean Std dev Range P value
8.5 61 201-327 389 84.22 221-525 .0001
3.4 16.6 33-94 129 52.1 43-237 .0001
2.35 1.02 0.88-4.61 3.68 1.58 1.14-6.51 .0001anda
esteno
3
Reste
sis
M
24
6
5velocity ratios. As noted in this figure, PSVs were statisti-
id arte
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sis (P value  .0117).
DISCUSSION
Carotid duplex ultrasound has been utilized for the
diagnosis of carotid artery disease for over two decades. The
severity of carotid artery stenosis has been defined using
specific threshold velocities, including PSVs, EDVs,
and/or ICA/CCA PSV ratios.1-5,12 However, these stan-
dard duplex velocities may not be applicable to carotid
restenosis after CEA with patch angioplasty. At the present
time, duplex ultrasound velocities have not been analyzed
in the ICA just distal to carotid artery patching. However,
in a previously published study,8 elevated PSVs were no-
ted in the ICA just distal to carotid artery patching, which
was believed to be caused by the relative size discrepancy
between the patched carotid artery and the native ICA.8
This present study was conducted after our observation of
several patients who underwent CEA with patching where
Table VI. Cutoff of PSVs, EDVs, and ICA/CCA ratios
Cutoffs
PSV
Cutoff AUC (95% CI) Cutoff
30 155 99.8 (99.5-100) 41
50 213 100 (99.5-100) 60
70 274 99.2 (98.1-100) 80
PSV, Peak systolic velocity; EDV, end diastolic velocity; ICA, internal carot
> 30% Restenosis ROC Curves
1 - Specificity
0.0 0.2 0.4 0.6 0.8 1.0
S
en
si
tiv
ity
0.0
0.2
0.4
0.6
0.8
1.0
STUDY PSV, A = 1.00
STUDY EDV, A = 0.90
Velocity Ratio, A = 0.84
PSV vs EDV - p = <0.0001, PSV vs Velocity - p = <0.0001,
EDV vs Velocity - p = 0.0363
Fig 1. Receiver operator curve analysis for 30% restenosis.abnormally elevated PSVs (130 cm/s) were noted distalto the patching, in spite of normal intraoperative duplex
ultrasound examinations/arteriography. This is the first
study to analyze velocities obtained from the ICA just distal
to patching and to define the optimal velocity criteria for
detecting 30% to 50%, 50% to 70%, and 70% to
99% restenosis after CEA with patching. In our present
study, and whenwe initially applied, our ICAVL-accredited
vascular laboratory duplex PSV cutoff of 140 cm/s
(which was developed for native nonoperated carotid arter-
ies to distinguish between 50% to 50% stenosis), 37%
were felt to have 50% to 70% restenosis vs 11.3% based
on CTA/angiography (P  .001). Similar findings were
noted, even if we applied the ultrasound consensus criteria,
which were published previously.12
Our present study suggests that different carotid du-
plex ultrasound velocities should be used to detect resteno-
sis after CEAwith patching. As noted, an ICA PSV of155
cm/s was optimal in detecting 30% restenosis with a
sensitivity, specificity, PPV, NPV, and OA of 98%, 98%,
EDV Velocity ratio
AUC (95% CI) Cutoff AUC (95% CI)
90.3 (86.1-94.4) 1.64 84.0 (78.3-89.6)
95.3 (92.1-98.6) 2.25 84.3 (77.1-91.5)
97.3 (93.9-100) 3.35 88.6 (80.3-96.8)
ry; CCA, common carotid artery; AUC, area under curve.
> 50% Restenosis ROC Curves
1 - Specificity
0.0 0.2 0.4 0.6 0.8 1.0
S
en
si
tiv
ity
0.0
0.2
0.4
0.6
0.8
1.0
STUDY PSV, A = 1.00
STUDY EDV, A = 0.95
Velocity Ratio, A = 0.84
PSV vs EDV - p = 0.0050, PSV vs Velocity - p = <0.0001,
EDV vs Velocity - p = 0.0040 
Fig 2. Receiver operator curve analysis for 50% restenosis.98%, 98%, and 98%, respectively. Similarly, a PSV 213
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sensitivity, specificity, PPV, NPV, and OA of 99%, 100%,
100%, 98%, and 99%, respectively. An ICA PSV of 274
cm/s was also optimal for detecting70% restenosis with a
sensitivity, specificity, PPV, NPV, and OA of 99%, 91%,
99%, 91%, and 98%, respectively. A ROC analysis also
showed that PSVs were significantly better than EDVs and
ICA/CCA PSV ratios in detecting 30% and 50% reste-
nosis.
Hirschl et al8 conducted a study to show if patch
angioplasty or direct closure of the ICA after CEA resulted
in any hemodynamic or pathologic differences. This study
included 18 patients who underwent carotid patching and
20 patients who underwent direct closure, with an average
postoperative period of 26 months. All patients were exam-
ined using duplex ultrasound scanning. They concluded
that patients with carotid patching with broadened lumen
at the bulb resulted in statistically elevated turbulent flow
disturbances with increased flow velocity in the ICA just
distal to the patch; however, quantitative flow volume
measurement did not reveal any differences between the
two groups. Pantaloon effects of the endarterectomized
artery, at the bifurcation and origin of the ICA, will lead to
measurable increased turbulent flow disturbances. Func-
tional stenosis is believed to be created distal to the CEA
site, ie, wider at the patch site and narrower at the native
artery distal to the patch, which will result in elevated PSVs.
We believe this may explain the increased abnormal veloc-
> 70% Restenosis ROC Curves
1 - Specificity
0.0 0.2 0.4 0.6 0.8 1.0
S
en
si
tiv
ity
0.0
0.2
0.4
0.6
0.8
1.0
STUDY PSV, A = 0.99
STUDY EDV, A = 0.97
Velocity Ratio, A = 0.89
PSV vs EDV - p = 0.3008, PSV vs Velocity - p = 0.0117,
EDV vs Velocity - p = 0.0640 
Fig 3. Receiver operator curve analysis for 70% restenosis.ities noted in the ICA distal to patching, causing the falseimpression of stenoses. Obtaining an immediate postoper-
ative duplex ultrasound after CEA with patching is critical
and can be used as a baseline for further comparison.
This present study has a few limitations, including the
use of CT angiography instead of conventional arteriogra-
phy in some of our patients; however, several studies have
compared the accuracy of CTA angiography with conven-
tional arteriography and have found them to be compara-
ble.13,14 Similar findings were also noted previously by us,
with close agreement between the twomodalities (Kappa
0.81).11 Another limitation of this study is the fact that it is
a retrospective analysis of prospectively collected data of a
previously published randomized trial comparing two
patch materials.9 Therefore, the proposed diagnostic crite-
ria will need to be validated in a prospective trial. Other
limitations include the use of PSV as a threshold for the
CTA/angiogram, which may bias the findings towards the
PSV as being the most accurate predictor for restenosis, in
comparison to using the ICA/CCA ratio or the EDVs.
However, we previously reported a better overall accuracy
for the diagnosis of carotid stenosis using optimal PSVs.5
It is important to note that the data obtained by indi-
vidual vascular labs will vary because of differences in equip-
ment, abilities and consistencies of vascular technicians, and
reader interpretation,5,15 therefore, each vascular labora-
tory much adapt a method that employs the equipment
they use and validates their method when using proposed
new duplex criteria.
CONCLUSION
In conclusion, the mean PSVs of a normal and abnor-
mal ICA (distal to CEA patching) were higher than normal
and abnormal nonoperated ICAs, therefore, standard du-
plex velocity criteria should be revised after CEA using
patching.
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Dr Mark R. Jackson (Greenville, SC). Dr AbuRahma and
colleagues are to be congratulated on their continuing contributions
to the treatment of cerebrovascular disease. The present study repre-
sents an analysis of restenosis following 200 carotid endarterectomies
performedwith patch closure as part of a separate trial comparing two
patch materials. The authors conclude that duplex criteria for reste-
nosis are higher than those generally accepted for stenosis in non-
operated carotid arteries. After reading the manuscript and hearing
the presentation, I have the following three questions.
1. Your data show that the greatest discrepancy between duplex
evidence of restenosis and CTA findings is in the 50-70%
category. However, it is the group with 70% stenosis that is
clinically most significant. If I understand Table 1, the Consen-
sus Criteria correctly identified 21 of 22 arteries with 70%
restenosis.My question then, is why dowe need revised criteria?
2. If your it is your clinical practice is to obtain CT angiography for
suspected restenosis before offering surgery or stenting, wouldn’t
it be better to stick with the standard or consensus (ie: lower and
more sensitive) velocity criteria? This would maximize your sensi-
tivity while the CT angio would maximize specificity.
3. Finally, and I apologize that my final question does not directly
apply to your manuscript, but would you please comment on
your imaging and treatment algorithm for patients identified
with 70% restenosis?Dr Ali F. AbuRahma. Thank you, Dr Jackson, for your kind
comments. I have the following responses to your questions.
1. I agree with you that if you look into the70% stenosis group,
which is the most clinically significant, one patient was not
identified applying the consensus criteria. However if you look
into the category of 5070% stenosis, 38% were thought to
have 50-70% stenosis, when applying both the standard and
consensus criteria. But when these patients underwent angiog-
raphy, only 10% actually had 50-70% stenosis. I believe this
group of patients is also important since, if the patient is
symptomatic, many of them will undergo further imaging,
specifically angiography, and perhaps re-do surgery or carotid
stenting. Therefore, they would be inappropriately treated,
when, in fact, they have 50% stenosis and not 50-70%
stenosis. In addition, if these patients were told to have 50-
70% stenosis, they would be very disappointed from the first
primary surgery.
2. Questions 2 and 3 response: In our practice, if a patient is found
to have 70% restenosis, and if they are a candidate for carotid
stenting, they will undergo carotid angiography and stenting, if
indicated. Therefore, we can rely on appropriate carotid duplex
ultrasound in this management without the need for further
imaging.
redictive value.
h category of restenosis.
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PSV Sensitivity 95% CI Specifi
30 150 99 97-100 93
152 99 97-100 95
153 99 97-100 96
154 98 96-100 96
* 155 98 96-100 98
157 96 93-100 98
159 95 91-99 99
160 92 87-97 99
50 191 100 100 92
197 100 100 94
199 100 100 96
201 99 98-100 98
* 213 99 98-100 100
215 98 96-100 100
219 97 95-100 100
221 97 94-100 100
70 263 99 97-100 77
264 99 97-100 80
270 99 97-100 83
272 99 97-100 87
* 274 99 97-100 91
289 98 96-100 90
306 98 96-100 90
312 98 96-100 95
317 98 96-100 95
PSV, Peak systolic velocity; PPV, positive predictive value; NPV, negative p
*Optimal PSVs, EDVs, and ICA/CCA ratios for detecting restenosis in eacr 30%, 50%, and 70% restenosis
city 95% CI PPV NPV Overall accuracy
88-99 95 99 96
91-100 96 99 97
93-100 97 99 98
93-100 97 98 97
94-100 98 98 98
94-100 98 95 97
96-100 99 93 96
96-100 99 88 96
84-100 97 100 98%
87-100 98 100 99%
90-100 99 100 99%
93-100 99 98 99%
100 100 98 100%
100 100 93 99%
100 100 91 98%
100 100 89 97%
61-93 97 91 96%
64-96 97 91 96%
68-98 98 91 97%
73-100 98 91 97%
79-100 99 91 98%
78-100 99 86 97%
77-100 99 82 97%
85-100 99 82 97%
85-100 99 82 97%
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EDV Sensitivity 95% CI Specificity 95% CI PPV NPV Overall accuracy
30 37 88 92-95 72 63-81 75 87 80%
38 86 79-93 73 65-82 78 83 80%
39 87 80-93 76 67-85 80 83 82%
40 85 79-92 78 69-87 83 81 82%
* 41 85 79-92 79 70-88 84 81 83%
42 84 77-91 78 70-87 84 78 82%
43 83 76-90 82 73-90 88 76 83%
45 80 74-88 82 73-91 88 71 81%
46 80 73-87 82 73-91 88 70 81%
50 55 94 90-97 85 74-96 96 77 92%
56 93 89-97 85 73-96 96 75 91%
57 92 88-97 86 76-98 97 73 91%
59 93 88-97 91 82-100 98 73 92%
* 60 93 89-97 97 91-100 99 73 93%
62 92 88-96 100 100 100 70 93%
63 92 87-96 100 100 100 68 93%
66 92 87-96 100 100 100 68 93%
67 91 87-95 100 100 100 66 92%
69 90 86-95 100 100 100 64 92%
70 74 98 96-100 79 63-95 97 86 96%
75 98 96-100 83 67-98 98 86 96%
* 80 98 96-100 86 72-100 98 86 97%
84 98 96-100 86 71-100 98 82 96%
85 98 96-100 90 77-100 99 82 97%
92 97 95-100 94 84-100 99 77 97%
93 97 94-99 94 83-100 99 73 96%EDV, End diastolic velocity; PPV, positive predictive value; NPV, negative predictive value.
*Optimal PSVs, EDVs, and ICA/CCA ratios for detecting restenosis in each category of restenosis.Table V, online only. ICA/CCA ratios: Sensitivity and specificity for 30%, 50%, and 70% restenosis
Velocity ratio Sensitivity 95% CI Specificity 95% CI PPV NPV Overall accuracy
30 1.6 80 73-87 75 66-85 82 72 78%
1.63 80 73-88 77 68-86 84 72 79%
* 1.64 81 73-88 78 69-87 85 72 80%
1.67 79 72-87 78 69-88 86 70 79%
1.73 79 72-86 79 70-89 87 69 79%
1.76 78 71-86 79 69-88 87 67 79%
1.78 77 70-84 78 69-88 87 65 77%
50 2 91 86-96 61 47-74 87 70 83%
2.13 91 86-96 62 49-76 87 70 84%
2.15 91 87-96 65 51-78 89 70 85%
* 2.25 91 87-96 66 52-80 89 70 85%
2.27 91 86-95 65 52-79 89 68 85%
2.28 90 85-95 64 51-78 89 66 84%
2.33 90 85-95 66 52-80 90 66 85%
2.34 89 85-94 65 51-79 90 64 84%
2.35 90 85-94 67 52-81 91 64 85%
70 3.2 94 91-98 63 42-85 96 55 91%
3.29 94 91-98 67 45-88 97 55 92%
3.33 94 91-98 71 49-92 97 55 92%
* 3.35 94 91-98 75 54-96 98 55 93%
3.56 94 90-97 73 51-96 98 50 92%
3.69 93 90-97 71 48-95 98 45 92%
3.85 93 89-97 69 44-94 98 41 91%
3.97 93 89-97 75 51-100 98 41 92%
ICA, Internal carotid artery; CCA, common carotid artery; PPV, positive predictive value; NPV, negative predictive value.
*Optimal PSVs, EDVs, and ICA/CCA ratios for detecting restenosis in each category of restenosis.
